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Abstract—Transmissions of multimedia data in emergency
context such as, the occurrence of trauma or stroke are sensitive
to the network delay, throughput and packet loss. Depending on
the urgency, the communication channel quality can decide the
survival of a patient. For saving lives, network infrastructure
offering good Quality of Service (QoS), high broadband and low
communication cost must be considered. In this context, Cognitive
Radio Networks (CRN) seem appropriate. Indeed, this technology
is well suited with its sensing ability and the scanning of a wide
range of technologies, for assigning adequate frequency bands
which meet the application constraints. In this paper, we propose
a CRN-framework and an associated analytical tool that sets and
imposes constraints to be respected, for ensuring reliable and high
quality end-to-end communications.
I. INTRODUCTION
Public healthcare systems and tele-monitoring frameworks
need innovation and more flexibility to meet the challenge
of offering broadband networks. In fact, ehealth real-time
applications and medical multimedia data transmissions re-
quire high quality of service and significant bandwidth for
a better remote diagnosis. However, medical communication
systems are increasingly constrained with limited resources
and service cost. Indeed, communication architectures pro-
posed for telemedicine applications are based on limited access
technologies such as 3G or 4G not available everywhere. They
also provide a quality of service, for example in terms of
throughput which differs from one zone to another. Thus,
deployment of efficient wireless networks infrastructure able
to offer large frequency bands, will bring real opportunities
for medical multimedia communication systems that could
approach the standards of in-hospital examinations. The limi-
tations and misuse of traditional Wireless Medical Telemetry
Service (WMTS), Industrial Scientific and Medical bands
(ISM), Ultra Wide Bandwidth (UWB), motivate and reinforce
the idea of using Cognitive Radio Networks (CRN)[1] as
a technology dedicated to emergency and health services.
Cognitive Radio can greatly improve health services by its
intrinsic characteristics, such as the use of licensed bands in
addition to unlicensed bands usage, through the opportunistic
access. In most common configurations, a Cognitive Radios
(CR) user exploits the spectrum bands transparently to legacy
users also called Primary Users (PU). Using its flexibility, the
CR device explores different technologies and standards to
identify free frequency bands for opportunistically ensuring
its transmissions. The Cognitive Radio have recently become
the forefront of wireless research, and promise to reduce
connection cost and offer new applications as well as higher
throughput to users. However, this technology requires addi-
tional reasoning tools for enhancing the performances under
smart channel selection, reliable data communication with low
delay and co-channel interference avoidance. In this paper,
we propose a framework combined with the Model Predictive
Control (MPC)[2] tool for Quality of Service assessment in
Cognitive Radio Networks. The MPC-tool allows controlling
the transmission parameters variation (throuput, transmission
power, packet loss) and through its prediction ability, the
MPC brings a dynamic adaptation of the input variables in
order to meet the QoS requirements of the application. Our
proposal therefore allows to guarantee transmissions quality in
the context of multimedia eHealth applications that have high
bandwidth requirements, end-to-end delay sensitivity and do
not tolerate high packet loss rate. The remainder of this paper
is structured as follows: in section II we make an overview
on the related work and propose the framework for medical
multimedia data transmission in section III. Then, we present
the MPC-tool for the QoS control and prediction in section
IV. In section V, simulation results are presented and analysed.
Finally we conclude this work and point out some interesting
perspectives in section VI.
II. RELATED WORK
Today, studies on delivering medical multimedia content
focus on compression techniques, encoding methods, video
resolution methods to meet the needs of adapting to the
network individual parameters[3][4]. Adaptation to wireless
parameters means in that case, diagnostically relevant selec-
tion, the source encoding parameters choice and error control
methods for addressing transmission errors. E-health multi-
media systems have been primarily based on 3G wireless
networks[5]. However, given the limited upload data rates
supported by these channels (up to 384 kps), as shown in [6],
the associated source encoding parameters were bounded to
different medical video resolution sizes/types. Researchers are
now more focusing on 3.5G and 4G wireless technology for
delivering high resolution and video rate with low delay and
low packet-loss rate [7]. This evolution from 3G to 4G offers
broadband multimedia transmissions but does not solve the
spectrum scarcity issues and its inefficient usage. In this con-
text, researchers are interested in the use of Cognitive Radio
for medical multimedia transmissions. In [8], video encoding
rate, power control, relay selection and channel allocation
are jointly considered for video transmission over cooperative
Cognitive Radio networks. The problem is formulated as a
mixed-integer non-linear problem and solved by an algorithm
based on a combination of the branch and bound framework
and convex relaxation techniques. This contribution should
take into account delay that is a very important constraint
in real-time medical multimedia flow transmission. In [9], an
algorithm is proposed for evaluating the expected delay of
competing flows in single-hop and two-hop networks consider-
ing the time-varying spectrum condition and occupancy, traffic
characteristics, and the condition of queues at intermediate
nodes. Simulation results show that the proposed algorithm
significantly reduces the packet loss rate and improves the
average Peak Signal-to-Noise Ratio (PSNR) of the received
video streams. The work presented in [10] considers the multi-
user bit-rate and latency control of scalable video content in
a Cognitive Radio multimedia network. The proposed model
is based on CRN where multiple secondary users attempt
to access a spectrum hole according to a predefined Time
Division Multiple Access (TDMA) rule based on primary
user activities, channel quality and transmission delay of each
user. Scalable video rate and distortion models has been used
in formulating the problem as a switching control dynamic
Markovian game where video sources and channel behaviour
have been modelled as independent Markov processes. This
work shows that the proposed switching control game results in
an improvement in video quality over a myopic rate allocation
scheme in video PSNR. To the above mentioned transmission
optimisation efforts, are added scheduling mechanisms used
for traffic prioritization. In [11], a priority virtual queue
model is adopted for wireless CR users to select channel and
maximize video quality. Simulation results show that the pro-
posed solution outperforms the conventional dynamic channel
selection scheme by 2 dB (PSNR). Most of these research
papers consider a single parameter to be improved, often the
delay. The current state-of-the-art proposes also techniques
for best channel selection or an algorithm for an efficient
resource sharing in CRN. So, few studies have addressed the
improvement of several parameters of quality of service at the
same time. Also in practice, few researchers have focused on
mechanisms to implement for allowing the Cognitive Radio
nodes to have dynamic and automatic transmission parameters
adaptation capability. In this paper, we propose an innovative
idea that facilitates the optimization of the end-to-end trans-
mission QoS by enabling the realtime control of transmission
parameters and their dynamic adaptation through the use of
MPC.
III. THE PROPOSED MEDICAL MULTIMEDIA
DATA-TRANSMISSION FRAMEWORK
The success of this approach is undoubtedly related to sens-
ing results, channel availability and initial route establishment
as detailed in [12]. We assume that the sensing process is
perfect and can provide a list of sufficient free channels to
each Cognitive Radio node. Indeed, various research projects
such as the CREW1 European project, experiment platforms
for spectrum sensing tests in real environment. The provided
results showed high accuracy in free bands detection. The
results in [13][14] also showed the ability of a cognitive radio
node to detect interference (such as primary user activity) in
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real time and choose a communication strategy (frequency
band change, transmission power adjustment), which is the
most appropriate. With good quality of bandwidth, user should
adopt the modulation-coding scheme that supports a higher
data rate. Our proposal therefore, is based on existing channel
modulation/encoding schemes, video compression types and
video resolution/encoding specifications. Indeed, the proposed
solution fits well and comes in complement of existing mul-
timedia transmission functions as more described in [15]. As
described in figure 1, medical imaging equipments such as
ultrasounds, endoscopes, intra-oral cameras, surgical micro-
scopes and sensors are devices that provide various medical
data-➀. Once medical multimedia data acquired, video resolu-
tion to match devices specification and data rate is considered.
Multimedia resolution and frame rate adjustments-➁ aim to
match the available bandwidth and end-user device capabili-
ties. Diagnostically relevant[16] and encoding-➂ principle is
to associate video regions of interest with clinical criteria.
Medical multimedia contents are encoded using diagnostically-
driven and error resilient encoding. More precisely, to each
sample of video is assigned a quality level based on its di-
agnostic significance namely, establishing the correspondence
between the region of interest (image, video data) and the clini-
cal significance. The Quantization Parameters (QP) associated
Fig. 1. Medical multimedia data transmission framework
to Reed-Solomon codes (RS)-➅ are important variables for
quality of service consolidation and transmission parameters
adjustment. Quantization Parameters are varying according
to buffer, bandwidth and channel conditions. Reed-Solomon
codes (RS) are used to correct transmission errors. Also,
clinical video quality assessment methods [17] are essential
for communicating reliable and good quality medical multi-
media content to the medical experts [18]. Note that clinical
specification and quantization parameters are associated to
network parameters or the channel quality and channel se-
lection criteria-➃. Thus, the proposed channel-control process
allows frequency band selection according to the constraints
of QoS. Transmission quality assessment-➄ with the MPC-
module leads to estimate packet-loss rate, throughput and
delay for useful adjustments. The criteria and conditions of
transmissions are analysed using the proposed MPC-algorithm
that allows to decide if frequency band change is needed or
not. The automatic adaptation of network parameters and the
constraints set by the MPC-module allow to mitigate delay
and packets overdue that significantly affect the real-time
transmission quality.
IV. CONTROLLING QOS WITH THE MPC
Model Predictive Control (MPC) is a technique that adapts
to the dynamics of a process by its real-time controller to
predict the future behaviour of this process. Cognitive Radio is
a communication technology based primarily on the time-slots
principle. A time-slot is the period allocated by the scheduler
or the resource sharing engine to a node for performing the
operations of spectrum sensing, signalling process and data
transfer on a given channel. Thus, when the quality of service
degrades during a time-slot, the Cognitive Radio node can
consider a change of frequency band for the next timeslot.
The unstable nature of the transmission parameters and the
Cognitive Radio channel should be controlled to optimize the
use of resources for the future time-slots while taking into
account the medical video quality. In our proposal, the MPC
will make the optimal decision between staying on the current
channel or move to other frequency band, according to the
constraints and disturbances. These constraints are used to
monitor the quality of service and become the basis for the
decision-making. As instance, when the QoS is degraded, one
of the possible decisions to make is to change the frequency
band or the technology (WIFI, GSM). Therefore, the MPC-
tool will allow to follow the variation of the transmission pa-
rameters while ensuring their compliance with the established
constraints. The main advantage of MPC compared to other
statistical prediction models based on the history data, is the
fact that it achieves optimized predictions by implementing
only the current time slot with less calculation[19].
A. Description of the MPC basic idea
Fig. 2. The considered MPC-model
Figure 2 illustrates the basic idea for the MPC where r is
the set-points describing the reference values of transmission
parameters. From these reference variables, the controller
manipulates the inputs u, for achieving predictions through
outputs z. The output values z are then compared with mea-
sured values y, for ensuring the relevance of outputs while
controlling their compliance with the set-points as possible.
Variable d is the disturbance linked to a primary user signal,
and any other noise that could degrade transmissions quality.
The principle is to monitor in real time the evolution (at time
slot t+1 ) of the transmission parameters (u) of medical data
and make a decision on the basis of established criteria and
constraints.
B. Modelling the MPC for QoS monitoring
The MPC is based on a transfer function H(x) that
expresses the relation between each input u and output z
variables as follow: H(x) = Z(x)
U(x) .
We then deduce from H(x), the following optimization
function given below:
φ = 12
N∑
i=1
wzi ||(zi − ri)||
2 +
1
2
N−1∑
i=1
wui ||∆ui||
2
And with φ, we can predict the future sequence, when there
exist n transmission parameters to control (output variables)
and m other transmission parameters to manipulate as inputs.
This prediction is detailed by the function:
Φ =
n∑
i=1


j=Nzi∑
j=1
wzi‖(zi(t+ j)− ri(t+ j))‖
2

+
m∑
i=1


j=Nui∑
j=1
wui‖(zi(∆ui(t+ j − 1))‖
2


Coefficients wzi and wui are weights that can give more
importance to a given parameter. To take into account the
constraints of the transmission environment, MPC offers the
possibility to assign different types of constraints (output and
input) on the network parameters. These constraints can be
summarized as follow:
Prediction xi+1 = Axi +Bui +Edi for i = 0, 1, 2, ..., N − 1
Where:
zi = Cxi, for i = 0, 1, 2, ..., N
umin ≤ ui ≤ umax, for i = 0, 1, 2, ..., N − 1
∆umin ≤ ∆ui ≤ ∆umax, for i = 0, 1, 2, ..., N − 1
zmin ≤ zi ≤ zmax, for i = 0, 1, 2, ...., N
We can note that the prediction at time-slot t0 is not con-
sidered, and that gives the future values with the following
constraints:
zmin ≤ zi ≤ zmax =⇒


zmin
zmin
.
.
zmin


≤


z1
z2
.
.
zN


≤


zmax
zmax
.
.
zmax


A Cognitive Radio node could continue to occupy a given
channel-band for its transmission of medical data only if these
constraints are respected. The fixed constraints help ensure and
guarantee a good quality of service for multimedia medical
data transmission.
C. Basis of QoS criteria selection in this context
The project DATAR2 initiated in France, allows to develop
a guide which provides important recommendations for good
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Image-type
Bandwidth
2MB 4MB 8MB
Brain scan(60 images) 49 sec 24,5 sec 12 sec
Abdominal scan(600 images) 8 min 4 min 2 min
TAP scan(1000 images) 13,20 min 6,40 min 3,20 min
Radio *4 incidences 37 sec 18 sec 9sec
TABLE I. EXAMPLE OF TRANSMISSION DELAY VARIATION BETWEEN
A HEALTH CENTER AND A SERVER
Bandwidth 1MB 2MB 6MB 8MB
Brain scan 31 sec 15 sec 5 sec 4 sec
Abdominal scan 5,07 min 2,34 min 51 sec 38 sec
TAP scan 8,32 min 4,16 min 1,25 min 1,04 min
Radio 32 sec 16 sec 5 sec 4 sec
TABLE II. EXAMPLE OF TRANSMISSION DELAY VARIATION BETWEEN
A SERVER AND A MOBILE RADIOLOGY CENTER
practice in telemedicine infrastructure deployment. Their work
consisted, to gather experiences in 8 pilot regions and then
compare the needs and barriers identified, depending on op-
erators. Analyzes and experiences in this project show that
the most significant variable for QoS remain the stability of
the connection, its availability and the performance in term of
throughput, latency, jitter and packet loss. Thus, on the basis
of experiments, measurements, the analysis of the transfer
time depending on the bandwidth and data type has been
provided in Table I and II. A set of suggestions have been also
made for determining the limits to be considered in e-health
network infrastructures. Table I is an example of transfer time
between a healthcare facility and a central server. Table II is
an example of transfer time between the central server and a
mobile radiology center. These two examples provide values
for the analysis of transmission delay in different context
(mobile or static) and obviously different distances. These
two tables, inspired by the values in DATAR guide show
that the transmission rate depends on the selected bandwidth
and also is linked to the type of image to be transmitted
for a given distance. Thus the decision-making module of
the Cognitive Radio will consider these context information
to select the frequency band and the technology to be used.
Based on this information, the urgency of the transmission
and the priority level of the medical stream, the constraints
are set to provide the best service. An overview of classes
of service and their related priority level used in the DATAR
guide is given in Table III. Table III is an example of flow
classification which served as a reference for recommendations
in term of acceptable delay, packet loss and throughput. Thus,
the acceptable latency for real-time class flow is estimated
between 10 to 20 milliseconds for a datagram of 100 bytes,
according to geographical area and the type of channel used.
This latency is considered suitable when it is between 20 to
Priority class Weight Services
1 ++++ Real-time traffic (voice over IP)
2 +++ telediagnosis, telemedecine traffic
3 ++ Monitoring traffic
4 = best effort traffic (web, mail)
5 - non-priority traffic (backup, FTP)
TABLE III. EXAMPLES OF SERVICE CLASS
40 milliseconds for the other stream classes and for the same
amount of data. The packet loss rate is also fixed to 0.2% and
the jitter to 5 milliseconds by this experiment results for a
datagram of 100 bytes. The results of these experiments are
the basis for our MPC model-simulation parameters selection.
D. Implementation of the QoS-control with MPC
Controlling the quality of service in Cognitive Radio Net-
works through the MPC tool will be based on the following
principle:
• Evaluation of transmission parameters: throughput,
packet loss, delay, which are values that can be
obtained through real-time QoS measurement/statistic
tools such as the Quality of Service Metrology (QoS-
Met3) and the channel availability information is given
by the sensing module. It should be noted that the
availability of the channel should be at least 99.99% of
the time of transmission to ensure proper connectivity.
• Decision: At each time slot t, the MPC module cal-
culates and predicts transmission conditions (variation
of parameters) of time slot t+1.
1) If transmission conditions are good for the
time slot t+1 then, no channel change mech-
anism should be considered. This means that
for the time slot t+1, there is a high probabil-
ity of maintaining the quality of transmission
to an acceptable level for the medical multi-
media data.
2) Otherwise, a beacon message is sent through
the signalling channel for a channel reserva-
tion as detailed in [20][21] or for requesting a
new channel in time slot t+1. This reflects a
requirement to change frequency band to meet
the constraints of quality of service.
We used Matlab for implementation of the QoS monitoring in
medical multimedia data transmission context. These simula-
tions are performed according to the relevance of parameters,
in real-time multimedia data transfer context. These transmis-
sion variables are: delay, packet size, throughput, bandwidth,
packet loss, transmit power and channel threshold. For each
parameter, we defined the inherent constraints as detailed in
Table IV. The limits in Table I, are all constraints to be
respected by the Cognitive Radio node to continue using
the channel-band without triggering channel hopping process.
The frequency hopping or the technology change process is
triggered only when these instructions and these constraints
are violated. This guarantees a better use of the available free-
bands and offers an efficient sharing of the spectrum resources.
The Matlab code in Figure 3 shows how this control of variable
is implemented in practice. The parameters chosen for the
purpose of these simulations are based on values shown in
the accompanying guide (DATAR).
Thus, the recommended delay for real-time telemedicine
applications has to be less than 5 milliseconds for 100 bytes
of data. The minimum throughput to ensure quality of service
is 10 Mbps and packet loss is fixed to 0.2% maximum for 100
bytes of data. Knowing also that the multimedia transmission
3http://michaut.valerie.free.fr/qosmet/
Parameters Descriptions
N Prediction horizon size
umin Lower limit of each transmission parameter linked to u
umax Upper limit of each transmission parameter linked to u
∆umin Rate of change of the parameter umin
∆umax Rate of change of the parameter umax
zmin Lower limit of each predicted parameter
zmax Upper limit of each predicted parameter
x0, u0 Simulation starting points
w Weight matrices related to each parameter importance
TABLE IV. PARAMETERS DEFINITION
needs a large bandwidth then we set the following constraints
that could be dynamic, adaptable and change depending on the
technology and the radio environment. The important details
Fig. 3. Constraints set for simulation in Matlab
in this code are relating to the limits fixed to the variables (In-
putSpecs,OutputSpecs), that are the constraints to be observed.
For simulations, we set a couple of value (RateMin, RateMax)
that determines the frequency of changes of each variable and
another value (p) for the prediction horizon. Variables jitter,
delay and packet loss are calculated based on a datagram of
100 bytes. Packet size parameter is determined based on the
characteristics of the underlying technology.
V. RESULTS AND ANALYSIS
Before describing the results, it should be noted that the
MPC toolbox functions (autosc, scal and wrtreg) allows to
arrange all data (input variables and output variables) in
the same order of magnitude. The predictions and results
obtained by simulation are based on these re-estimated values.
The objective remains minimizing a quadratic criterion based
on prediction errors up to an order equal to the relative
degree between the predicted outputs/inputs variables and the
reference values often measured. The different results thus
show the vectors of predicted future errors over the horizon p
which result from all future manipulated variables. The main
objective is to reach a stability of the system in time-varying
manipulate variables (inputs, outputs). This stability reflects
Fig. 4. Input variables variation
the fact that the desired QoS, with constraints on the output
variables is achieved through dynamic adaptation of the input
parameters (packet size, transmit power, frequency bandwidth).
Indeed, we set the constraints/limits on input and output
variables and the input parameters are dynamically adapted as
described at Figure 4. These simulations also take into account
the prediction horizon (p) to assess the degree of accuracy of
the predicted values. The variable p can help make a choice on
the frequency of calculation/execution of the algorithm for the
predictions in future time-slots. For efficiency reason, it was
interesting to know whether one prediction would be sufficient
for a number of time-slots. The obtained results show that the
accuracy of the predictions depends on the prediction horizon
variable. More the prediction horizon is far with p=5, less the
results are accurate. Even if p variable with greater value has
the advantage of providing a low computation/execution rate,
for the QoS control which remains the main objective of our
contribution, the prediction horizon set at a close value (p =
2) seems quite sufficient. However, It could be interesting to
find a compromise between cost/complexity of calculation and
the accuracy of predictions through the choice of prediction
horizon value.
As regards the control of the QoS through the MPC-
function, the results of the Figure 5 show the case where the
set constraints are not met. This means that the conditions
to ensure an acceptable level of QoS are not met on the
given frequency band. In case the system fails to stabilize
(Figure 5) or it loses its stability during a time-slot, then
frequency hopping for next timeslot becomes relevant. Figure
6 with a prediction horizon p = 5 confirms the inaccuracies
in the predicted values and also allows to see that the system
hardly stabilizes by reaching the equilibrium only from t =
6. For a close value prediction horizon such as p=2, the
equilibrium state has been faster reached and predictions are
more accurate as shown in Figure 7. With this result (Figure
7) which reflects the best formulation for QoS-control through
the MPC, the most important behaviour to be analysed and to
Fig. 5. Output variables variation without equilibrium
Fig. 6. Output variables variation with equilibrium for p = 5
note is the period when the system gets equilibrium. As long
as this equilibrium remains, it means that the quality of service
expressed through the constraints (delay, jitter, packet loss) is
observed. The great advantage from these results is to have
shown that in our system with Cognitive Radio equipments,
it becomes possible to fix constraints on the output and input
variables, and the Cognitive Radio equipment makes dynamic
choice of parameter values in the range of the fixed intervals.
This allows the equipments to keep their adaptable character
by choosing their transmission parameter values based on the
radio environment and the underlying constraints. In summary,
one of the characteristics of this framework is that it opens
up new perspectives in improving the quality of service for
the transmission of medical data which are very sensitive to
Fig. 7. Output variables variation with equilibrium for p = 2
delay and packet loss. In fact, most of the work particularly
focused on compression algorithms as we have described in
the related work for improving the QoS. About our proposal,
we focused on the choice of the network infrastructure, on
the dynamic adaptation of transmission parameters and on
the more adequate channel selection/reservation for improving
the overall QoS. Thus, this framework of control parameter
and searching/selection of appropriate frequency band that we
propose could be a real alternative to image compression tech-
niques which inevitably deteriorate the quality of multimedia
content provided to clinicians. Indeed, the compression ratio
could be limited if the network infrastructure is able to provide
the resources (bandwidth) required to guarantee the QoS.
VI. CONCLUSION
In this paper, we proposed the Cognitive Radio as net-
work infrastructure suitable for the transmission of medical
multimedia data. We have proposed a framework that allows
the transmission of multimedia medical data in Cognitive
Radio networks with high demands of quality of service.
Thus, for improving performance and provide better quality
of service, we integrate in this framework a quality of service
control function based on MPC-tool. This function controls
the transmission parameters and allows decision-making (chan-
nel or technology change, transmit power and packet size
adaptation) when the required QoS is no longer available.
More precisely, our proposal allows to highlight the following
main contributions. Firstly, transmission of medical multimedia
content that we propose, is based on a distributed decision
making scenario. The neighbouring nodes (or relay nodes)
exchange information, about the priority level, the content type
through the signalling channel. Based on the received infor-
mation, each Cognitive Radio node decides on the value of
its transmission parameters, depending on available resources
and QoS constraints. Secondly, with the control of input/output
parameters and dynamic adjustment of input variables offers
by the MPC-tool, it becomes possible at each intermediate
node to negotiate the best variable values to ensure the QoS.
The assignment of a frequency bandwidth becomes dynamic
and varies according to the urgency of medical multimedia
content to be transmitted. Finally, the user is no longer forced
to leave the channel with the detection of a primary user.
It becomes possible to adapt the transmission parameters
(e.g. transmission power) and continue sharing the channel.
The future work will allow us to implement this solution
on our Cognitive Radio platform LICoRNe, to evaluate its
experimental performances, computational cost and energy
consumption. We will also compute and evaluate the value of
the prediction horizon (p) which offers the best compromise
between complexity/cost calculation and accuracy of predicted
values.
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